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WORKING UP OF WKND OBSERVATIONS. 
By J. W. SANDSTROM. 

[Dated: Stockholm. Sweden . h a .  17 1915. Stntsns hfeteoro1o:iska Centrdnnstnlt. 
Tra~slated by h. Ball and C. Abbe. jr.] 

Amon the magnitudes observed and recorded by 

vector qualities. All the rest are scnlar quantities. In  
discussing wind observations this distinction must be 
considered. ' 

meteorological 

same. The averawe, as every ono hows ,  is obtained by 
taking the sum of thc observations for the month and 
dividing it by the number of observations. To secure 
such an average for tlie wind, the sunis of the wind rectors 
are takon and divided by tht? suin of the observations; 
the result obtained is tlie mean wind vector for tho month. 

There are various ways of determining the rector sunis. 
One can procecd nunierically by resolving the wind 
vectors into components referred to two mutually per- 

the components of either axis pendicular axas, 
and hiall combining t io sunis into a vector. One can 
also enip ii oy mraphical methods, combining tlie wind 
vectors accorgng to the law of parallelomrams or con- 
strutting a polygon. Finally the sum can ge  ascertained 
mechanical y by weighing or by plotting. I have tried all 
of these methods and have found that the last-named 
leads most quickly and most easily to the desired rcsult.' 

meteoro P ogists the wind is the only one that possess~s 

elements consists in deducing the niont P ily means of tlis 
An important method of working u 

addin? 

a 

FIG. I.-Ssndstrkn's device for mechanically plotting and adding wind vectors. 

I will describe this process more in detail. Figure 1 
shows a parallelogram linkage mounted on a drawing 
board so that the line cd always remains perpendicular 
to the fisod lino ab, whatever the position of cd. A 
circular rim bearing the wind directions is coiinccted 
with cd. This circle can be moved across the board iii 
any direction but can not be rotated. The north-south 
direction of tho circle always romaiiis parallel to the 
&xed line ab. Within the circular rim and in its plane, 

1 Descriptions of some other devices for determining wind resultants are @veal in thb 
REVIEW, December, 15Q7, 86: 5 4 ,  R&-EDITOB. 

lies a circular disk 11. which runs in a ball bearing in the 
inner edge of the circle and consequently can be set for 
tho difftwnt wind dirst:tions by means of the handle P. 
A slot in the disk 'u. ac.conimodates the vertical wheel m, 
which can be niudc to turn by a friction clutch when we 
mis? tlic Iirtntllc P but reniaiiis stationary when k is 
lowored. Since t h  appar21tus rests upon the wheal nt, 
its niovemmt is regulated by t,lic nioveinant of k, which 
is controllatl hy the scale 8, on which the wind forces 
l i ~ ~ e  been inscribed. 

antogrnph arrangement 

of tho appwatus in 1% reduced cli:i.gritm OCT The curve 00 
then includes both tlw indivirlunl rectors apd their sum. . 

The ruled piper on which tht? curve IS traced is so 
nrienbcd that its lines wiU. cnincide with tlie north-south 
direction of the instmmont,, and as n chock the north- 
pointilia arrow P is drswn before beginning to draw the 
vcct.or %agrxm OQ. If we imagine the points 0 and C 
in figure 1 connec,ted by a straicrlit line the direction and 
lcngtli of t,liiu line is trlile sum 07 a11 the midl vectors of 
mrious c1irec:tions which are c h w n  between 0 and 0. 
For rending off these vector sums I have n special scalo 
which is used like a rotractor. (See fig. 3.) The circle 
of the protrncbor is c Y ivided into 40 parts, so that 0 or 40 
repwsonts the enst dircction, 10 t'he north, 30 the west, 
and 30 the south -direction. Thus the tens indicate , 

directly the quadrant of the vector dire&. ion. 

On the parnllel liiikag! is a 
,4D"t!, carrying 3. pen at L', whic R rcgistrm the movement 

4. 
h i .  2. -E:rialsi:.iSin'psralrs for mexxring the wind wctors and sums plotted by means 

of the c1eYit.e shown in figure 1. 

The lengt,li OC! reprcsent.s the sum of the vectors. In 
my y y f i t u u  I have so chosen t,he scalo S of figure 1 m d  
tho 1t.c uction ABC that a wind vclocity of 1 meter 
second corres onds to 0.Smni. on the curve 00. E: 
length 06' w& be measured by a corres onding scale. 
If, for .example,kone wishes to compute t B, e total wind 
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1 nirec- mqiii- Mean I tionof 1 tude of I 24-hour 
! move- I more- I niove- 
, ment. 1 ment. \ ment. 

movement for the month from the daily S a. m. observa- 
tions, he will, of course. mu1t)iply the vect,or sum by 86,400. 
This factor can then bc appropriately considered in con- 
structing t,he scale so that one may rend off t,he wind 
movement directby in kilomet,ers. This sum tliviiletl l>>- 
the number of days in t,he month gives the nvertige n:r 
movement, for 24 liours, which is convenicnt:ly entrrcd on 
the monthly chart as an arrow drawn to scale so t.liat. one 
can see directly tho  :mount and cliroc,tjnn of the averqe 
daily wind morcment,. The labor is light,, simple, niid 
quite mechnnical when the nppropriate sedes nro coni- 
putecl, and is suitnble for women. 

In  working up oldttr observations one may appropriately 
plot the obserrnt,ions for the cnt.ire yoar on one sheet, 
indicating the cliff orent months hy their proper nunihcrs, 
as shown in figure 3 and Table 1. 

:::- 
ment. 

Fro. ).-Tracing 1 v  the device shown in figure 1. Data: Wind vectors for Sl;nrm 
Sweden 1810. Afos. 1, 2. 3. etc.. iiidicate ends of plots for respective mo:iths: the 
line 0-li glves direction and mean mind movement for the station for the year. 

v ............................................ 12 ......................................... VI.. , 
VI1 .......................................... 39 
VI11 ......................................... I 14 
IS .......................................... I 32 ........................................... 6: ........................................ 18 ......................................... 1.1 

s 
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XI1 

I n  working up more recent observations talio wind dia- 
rams for several stations for the month in question niny 

%e plotted side by side on the same sheet. The results 
would be shown in tabular form as follows- 

TABLE 1.-Results of wind observations at Skara in 1910. 

[Compare plat in fig. 3.1 
[Lot. 58* 24' N., long. 13' 27' E. Altitude, 110 meters.j 

~ ~ 

1,700 5 n. li 
1. 1 3 . W  12 

1.200 4 0.4 
3,3011 11 1.2 
!on 1 0. 2 

1,1011 4 0.4 
5,100 17 2.0 
1,900 6 0.7 

Month. 

......................................... 13 I lli,W10 I 4.6 Year 0.54 

and then entered on tlib monthly mnps. It will be con- 
veiiicnt, in this proccclure t.o represent the nioiitl?ly wind 
vnluos :IS arrows whose laiigths diow the mean nir niove- 
nieiit, for 34 hours, wccirding t.0 the scale ot' t,he p i p .  Of 
coursc t,Iw lengths of t,iit:so :irroms will be qui tr. indcpentl- 
mt of the u1iit.s (kilometers or miles) use11 in computing 
them. 

Figure 4 shows n wind chart. oi Europe for Jni?uaT-y, 
1813, nincle in t,liis way. The regilnrity iiiicl contuiuity 
of the inclsl,cndoiitly det.erniinot1 v-cctnra 011 this chart is 
n proof of t h e  relinldit~y of t.he nir!t.liocl. 

This mothid 1in.s 1xw1i litt.10 used hretofore :end wiU 
give us nisiiy new itluns concc:!nii ng .met,oorologicnl phe- 
nomena,. In  nrder t,o prnw this I. will discuss t.he clinrts 
somewlint iiiore fully. Horetvfort! it has lwm held gen- 
er:tlI t,lint the preniling wint.cr winds of Europe were 
sout,iLc!sterly because tlie wint,or climate of Europe 1s 
[supposed to he] very much depeiidc~it on the tcmpern- 
ture of the Gulf Stjrenrii of t,lie hTort,li Atlantic Ocean. 
The air t.cmperature in Sweden is i n d d  in wi1it.w 12"C., 
in Finland 10°C., and in Gerniany So(!. higher than the 
iiorninl menn tempor:tt.ure for the 1ntit.ude. Also ITrd. 
0. Pettmsson has clearly and incontrovertildy proven 
that during the ye:trs in which the North Athi t ic  Gulf 
St,re:ini wns specidly warm, tlie dininte [wvoatlier 01 of 
Europe was also mild, and vice velsil. 

FIG. 4.-Mcin 21-hoiu siirfwe wind mnrs!liciii :%:id direc: inn in Jaiunrry. 1913. owr 
' \\.?stern Kurope. f Wind iuowni:~?its :ire h I i . : i r w l  :.y lriigtli 01 arrows accortliug to 
thcscsle of llir n1:ip.i 

T h e  nin 1, figure 4, shows that, n t  least in J:iiiunry, 1913, 
the :xir dit t not niovc froin tlic! southwest to the iiort.hcast, 
hut r:tt,litr froni t,he s~,ut,l~east~ to t,hc north-est,. T h e  
air tlint orerilowccl Scn.ndin:i-i-iu mid Gcrnm~y  in Jan- 
uary, 1913, therefore did not coiiic. from t.hc Atlantic 
Ocean hut froni tlir iut,erinr of tho coiitirwit.. Yet 
Europe was far warnicr in this nioi!th t,hmi the normal 
nimn tcniperntme for it,s Intitide. 

We are thus ob1iv.d to think that, the warnitli from 
the North At.lnnt.ic 6c.c.m is not, cmriecl t80 Europe 1~:: the 
surface winds but t-,y those ut, higher levels. We may 
liken Europe and tlie North Atlantic Gulf Strenni to a 
room with n stove in its nortliwest corner. When the 
stove is heated tlie warm air rises and spreads itself over 
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the upper part of the room, gives off its Iien.t, and then 
sinking, follows t,lic floor back to the stm-c. Thus a 
warmer iiortliwest wind blows along tlie ceiling of the 
rooin and a cold southeast wind 1)lows dong the floor. 
as may be easily provcn bv the use of toht1.cc.n smoke 
and a tliernionieter. Similnrly, cluring the wint.cr n 
warm nortliwestcrly wind will blow a t  high altitudes OTW 
Europe inid colder sout,heasDcrly winds will move :i.l~wg 
t,he surfnce. It is tsliis lomcr sout.lieastrr1-y wind that 
appears on the chmt, figure 4. 
h vert,ical seckion through tslie iitlliosphrric circulntioii 

between the Nortsli Sea and the Alps in Jmuiiry, 18 13, 
would therefore appctir aciiiiewhnt likc figure 5. Dr. 0. 
Kro-ness! director of the niountain obscrvntory 011 H ~ I X ~ I ~ ,  goo meters liigli, 011 t.1ie nort,Iierll c.onst of 
Norway, has sent. nie n large number of obscrrstions, 
among others t,liose of January, 1313, which lend great 
support to this concept of the air c.irc.ulation over Europe. 
At Htildde the wind was quite predoiiiinnn tly from the 
northwest,, while ztt the base of the mountains a south- 
easterly wind predominated. At the same time tho air 
temperature wtis severnl de rees higlicr a t  tlic summit 
t>hhnii at  the base. Evident{T the air warnled over the 
sea flowed tovaird tho continents at  a high nlt,itutle while 
the cold air from the continent flows seanTarc1 lmwath it. 

tlie upper warm from 
t,he lower cold air currents stanis K a t  an nlt,itude of less 
than (100 meters. Farther inland, in the Swedish inouii- 
tains, I have found this surface a t  an dtitudc of ahout 
1,200 meters, while it, appears froni kitre and balloon 
observations at Lindenberg t,liat it t;here lies hetwcen 
2,000 and 3,000 nieters high. It is therefore inclined 
and clips toward the warm sea as is indicated in figure 5 .  

At Haldde the surface diviclin 

- -  

FIG. 5.--Xtmospheric eschange in winter Iletween Europe and the North -4tlant.l~ 
ocean. 

I have produced this dividing surface esperimentdly 
on a snidl scrtle and tmliere also have founcl trliat it is 
inc.lined.a Because of the temperature inversion m c l  tlie 
sudden change in density at  this surface ns well a.s its 
oblique position it embraces a great number of Bjerknes 
solenoids. If we estiinnte the heating of the air over the 
North Atlnnt.ic Ocean at 9°C. and put the clifFerence of 
altitude of the dividing surfncu from the Alps to the 
North Sea as 3,000 meters, then t81ie surface will contain 
about 10' solenoids. 

According to figurc 4, the mass of air flowing to the 
North Sea may he estimated as 5 cubic kiloiiietors per 
second or 5 x 10" metric, tons, which would give an 
energy of about 7 x IO8 horsepower? 

In the circulat,ion indicat,ed in fi ure 5, the air is thus 

this enornious ikmount of energ is transformed from 
heat into wind. I t  is therefore t&s breniendous aniount 
of energy that maintains t.he great air circulation between 

seen to pass t,hrougli a Carnot cyc B e, by means of which 

2 Saadstr6.a. The ori:in of the wind. MONTHLY I~EATBER REVIEW, ,\pril, 1915, 

8 Sundslrom., op. cit., p. 163. 
18: 161-163. 

t>he PITort.11 Atlantic Ocean and Europe and at the same 
h i e  inoderates the wint.er climate of Europe. It is 
dso  this circulation that. caiiscs Europe's w i n k  st.ornis 
and wintm precipit.ntion. Thie winrl-inaking machine 
is siirdy well wort.li iiivest.ig~i.t.ing. 

Haring rcrc!nlod, hy iiicaiis of t.ho map, figure 4, the 
probahlr: ctase of the mig1it.y sont.hcustwly iiir c.urrent 
DC~OSS Europa during January, 19 13, we wiU consider 
still other clctda of t,hc chart.. The first t.hing that 
at t.ract.s our nt,teiibioii is t,li:it t.he air flows outward 
on oit,hcr side of all nwunt.nin raii;cs. Froiii the A1 s 
it. flows both soutliwwd to t.he hfcc1itermnea.n and nort, 1 - 
ward t.o the North Sca: from t,he Carpa.t.liians eastward 
t ow-ard the int,erior of Russia .?s wcll tis ivcstwarcl t.o the 
North %ti,; Iron1 t.he Sc.aiidinaviaii ranws westward 
t.owird l-he Nortdi Sra as well u s  ens tm-ar8 t.ownrd Fin- 
1:uicl. Tho c m s e  of t.his o~ [,flow fi.olii the niountn.in 
rt-gioiis is cvidciitly t,licr nuil rnclintioii skyward which 
cools t,he inountaiiis and also the air in c:ont.act with 
thcin. By this ii~cans t.lic speciiic gravity of the moun- 
t.ain air brconics grcatcr than that of the siirrounding 
air mid sinks t.luough it, follomiiig the ii?ount.ain sides. 
Furtlitmxrr,, we s w  that t.he broad warm seas possess 
considcrd)le aspir:tt.ing force. Eron the Mediterraiiean 
c1ra.m a considcwhlo mass of air toward itself, but the 
wnrni Nort.11 Atlnntic Ocean draws the grcat.est, quanf ity. 
This ;ispirat.ion is ovicleni.ly due to t,hc warming of the 
air over tho warin occniis, whereby it bccomcs specifically 
lighter and is pushcd upward by t,he surrounding denser 
air t.liat, puslies in hcneat,h. 

This dc.s.sccnt of t.he cooled air from t,hc mountains 
and forcing upward of the wnriried ocean air evidently 
sets up the circulttt.ion shown in figure 5. We can picture 
the rocess AS follows: The tenipcrature conditions first 

inbervnl between t,wo isobaric surfaces ij always - 
portiond t,o the absolute temperature cf the interme 8'" ate 
air, therefore the isobaric surfaces lie closer together in 
the cold niount,ain region than over the warm sea. The 
rosult is that the prcssiire gradient at lower altitudes is 
from tlie niountains toward tho sea, while at hiolier levels 
it is in the op osite direction. At the surface 07 the earth 
the air will B ow, therefore, froni the mountains toward 
t.he sea and a.t the higher levels the air flows from the 
sea toward t,he niountttlns. 

Tho cold, heavy air flowing down horn the niountaiils 
t,herehy geiierat.os kinet.ic energy just as does a river 
flowing from 21 higher to a lower level. Like result.s are 

roclucccl by tlie light air mccnding over t.he ocean. 
&he cnornious nit.~ss of air and the considerable difference 
of l e d  produces tho great amount of wind energy 
rcsult.ing from the movement,. I t  is clear, however, 
from t>liis t,hat the cooling of t.he air must occur at levels 
higher than where the warniing takes placo, otherwise 
no pennaneiit circulation can result therefrom. For 
this reason no air circulation takes place between the 
warm N0rt.h At.lantic Ocean and the A r d c  ice. The 
higher the source of cold lies in conip:wison with the 
source of heat., t,he inore int,ensr! t,he d r  cmulat.ion will be. 

The ou tjflow from t,he niouutaiiis and the mpiration 
by tho sua, shown in figure 4, nnt,uraUy also occur in 
ot,hor pnrt.s of the earth. The wurm North Atlantic 
Ocean is surrounded by L whole series of mountain 
mngos-t.hc Pyrenees, Alps, Cwpnthians, Scandinavian 
ranges, nnd those of Spitsbergen and Greenland. Be- 
tween the North Sen, and cnch of t,hese niount.ains there 
is without! doubt, an air circulat.ion similar to tliat shown 
in figilrc 4. I t  may be compared with a kettle that is 

pro s uce a specid pressure distribution as the vertical 
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heated under its cent.cr. The water in t,ha pnii 6hen way of t.he Norbh Sea t,hese Norwegian falling storms 
begins t.0 circnlatc. It bcconics warn? in t,he cell t,w, would eviclcnt,ly become of much weater intensity 
rises t o  blie surfnca, slmncls out, t.o thc! sicles of the nucl longer clurat.ion. 7Ve t,lius see Low considerable 
kctt,le where it is coolccl. and sinking follows t . 1 ~  bnt.t.om is tho influence of topcrgrnphy on the occurrenco of 
back t.o the ccnt.or. (Sco fig. 8.) storms. 

Fro. O.-Vertlcal section through the atmosphrrir rircuhtion over the North Atkbutic io winter. 

Continent 

FIG 7.-Vertical Section through the atmospheric circulstion alBout Antarctica diiriug the southern wluter. 

We fhd another condition in tho South Polar region. 
Here t,he cold niount.ains are at the center, surrounded 
by t.he warm sea. But. here also the rule holcls t,hat t,he 
air froni t.he cold coiit,inent flows out,mnrd on all sicleu, 
following t,he surflice. On t,he surrounding oceans the 
air is warmed mid sat,urnted wit,h water, aft,er which 
it rises and moves alon the higher levels t,o Ant,;vct.icn 

The est.raorclina.rily const,ant sout,limcst wind which 
the Swedish South Polar Espedition of 19C)8-1903 met, 
with here during the antarct.ic winter, niaintained for 
weeks a velocity of 80 to 30 meters per second and 
indicabes that the cold senwnrd-moving air current 
must be of 

4. We see how the southeasterly air current prefers 
the easiest wny across the Nortli Sea and how it curves 
around the sout.11 eiicl of mountainous Nomay. In  the 
narrow passago between Norway and Scotland the air 
movement is strongly nccelerntecl. On the east side 
of the Scandinavian mountain ran e the heavy cold air 

ties generally clirect.ed eastward. However, in the 
middle of t,liiu est.enclec1 mountain range a t, St.orlic?n, 
where it.s summit is lomest,, tho air flows wcstwiircl from 
the east side of the ridge also. Evidently here t,hc 
cont,inentd tiir overflows the riclgo. Snnietimes proh- 
ably a ort.ion of the cold-nir sea clashes over t$e higher 

of the mountmains. These me the times nf t,he estraor- 
diiiarily violent east.erly storms which I have met, with 
in that region in wint.er and which st.oppec1 just as sucl- 
denly as they st,arted.' Were it not, for t>he open sluice- 

whose ice fields arc frc 7 by its moisture. (See fig. 7). 

eat depth and strength. 
We shod f then not.ice somewhat the details of figure 

piles up and forins a sort, of aerial la 5 -e, with small veloci- 

part o P the range also and rushes down t.he west, siclr: 

' Sandslriim in Boll. Mt. Weather Ollservatory, Was:llugtou. 1912. 6: S4-SS.-EuInm. 

Many o t,her impor t,ant conclusions may indeed be 
drawn from the map in figure 4. What has already been 
done should be sufficient to awaken in the reader interest 
for n rational method of worliing up wind observations in 
ilifferent, countries anrl at  different wasons. This is the 
object of t,hc present prtper. 

WATERSPOUTS OBSERVED O F F  CAPE SAN LUCAS. 

By WILLARD J. FISHER. 
Inat&: New Hampshire College, Durhnm. N. H.. Nov. 27, 1915.1 

The following is ail extract from my log on a voyage 
from Ncw York to San Francisco ltwt summer [1915] on 
the stectmer IZroonlu.iu7. ??in directions are approx- 

. h l y  22, 1915: 
$-17'40' N., A=102°3R' W. at noon. 

. July 23, 1915: 
.$=30°-16' N.. X=107"36' W. at noou. 

Saw, 9 it. In. 
t.a 11::31) a. in., two Inn: banks of rliiuds, ertendinji N.-S. rlear out nf 
sight, mavin: alwut. W.. nd they were several miles apart and they 
were rau$it up with. hiit. only slawly. They were c ~ . ~ ~ ~ ~ i ~ l ~ ~ s  i?louda; 
:% s w k n  Inoked about like t,liat .shown by tizure 1. which is looking 
nnrt.hwnrd. The air currciits which fed them wemed t,o niove 8s the 
dot.ted arrows. From Iwlrw there huiq down ti:rua:lo funnels of 
various sixes and various staqes of devclopme.nt., from nicre pimples to 
long well-;:rown vortices; hut. none of them reached innre than halfway 
to the sea. From one cloud a srnnrt shower fell on 11s as we pmssed 
uncler. The funnels were formed where the upward growth of the 

c.'rossinq t.he hrnnd entrance to the Gulf of California. 


